Abstract
and mind calm' and Tian Ren He Yi (the theory that mankind is an integral part of nature) [22] . TCC and Baduanjin are ideal mind-body exercises for people of different ages with different physical and health conditions, especially for those who live a sedentary lifestyle and who lack the motivation to engage in more conventional exercise [21] [22] [23] [24] . Several systematic reviews have suggested that TCC or Baduanjin may be effective in promoting physical and psychological health in the middle-aged and elderly populations [25] [26] [27] [28] [29] [30] . However, to date, no study of high methodological quality has been conducted to investigate whether TCC or Baduanjin can be recommended as an effective exercise for improving the emotional state, psychological well-being and physical fitness of young adults, particularly the college student population. Therefore, we designed two rigorous, prospective randomized controlled trials to further investigate the effects of TCC or Baduanjin as an intervention for specific psychological outcomes in a college student population [31] [32] . Here we reported the effects of TCC for college students.
Methods/Design Study Design
The protocol for this trial has been previously published [32] , and supporting CONSORT checklist is available as S1 File. This study was a two-arm, randomized, parallel controlled trial in college students, conducted in China. Participants were recruited between September 1 st and
September 30 
Ethical Consideration
This study was approved by the ethics committee of the Fujian University of Traditional Chinese Medicine (2013, Reviewed-No.042). All eligible participants who consented to study participation were over 18 years of age and provided written consent. All participants had the right to withdraw from the study at any time.
Participant Recruitment
Participants were recruited from the Fujian University of Traditional Chinese Medicine (FJTCM) using advertisements on the campus bulletin board and on campus radio. Eligible criteria included: age 16 to 25 years, freshman or sophomore enrolled in full-time study, and provision of informed consent. Excluded criteria included: had engaged in a long-term TCC exercising or other Tai Chi derived movements, or a member of the Students' Wushu Association, Taekwondo Association, Aerobic Association or Dance Association, or suffered from severe cardiovascular disease or musculoskeletal disease. After provided signed, written consent, eligible participants were randomized to the TCC exercise group or control group. The random allocation sequence was generated by a statistician not involved in the study, using the Statistical Analysis System (SAS, version 9.1). The allocation sequence was concealed with password access files and was kept with the project manager. After the baseline assessment, the project manager informed each eligible participant of his/her allocation. It is not possible to blind participants and TCC instructors to the group allocation in this trial. We assigned a project manager to manage the randomized allocation sequence and to blind the allocation code, in which the TCC exercise group and control group were renamed A or B. All data were collected by research assistants or professional staff in the hospital blinded to group allocation. The project manager and the TCC instructors were not involved in the assessment of outcomes and data analyzers were not involved in the recruitment and allocation of participants. The blinded allocation sequence codes were built to blind the data analyzer and, thus, were not disclosed until statistical analysis had been completed. 
Tai Chi Chuan Exercise Intervention

Control Group
No specific exercise intervention was administered to participants in the control group. They were informed to maintain their usual physical activities. The daily diary of physical activities was also required to be recorded.
Follow-Up Period
An unsupervised 12-week follow-up period for participants began on January 6, 2014 and ended on March 30, 2014 . No participants received additional exercise intervention, but participants were required to record their daily activity in a log.
Outcome Measurement
Demographic characteristics were obtained from an interviewer administered questionnaire at recruiting. The primary outcome measures were changes in balance ability, lower limb proprioception, and flexibility, as well as self-reported psychological symptoms, self-efficiency, stress, and attention post-intervention. We also evaluated the longer-term effects over a 12-week follow-up period at week 25 (first week after completion of the 12-week follow-up period). Balance ability and lower limb proprioception function were tested by blinded operators from the Evaluation Department of the Rehabilitation Hospital Affiliated with FJTCM using the Pro-kin system (Machine type: produced by Italy Tecnobody. S.R.L company, model PK254P) [35] [36] [37] . Flexibility was tested using Sit and Reach flexibility test equipment (Machine type: Beijing ZhongTi Tongfang Co., Ltd., model CSTF-TQ-5000). Scores for self-efficiency, psychological symptoms, stress and attention were assessed using their corresponding scales of confirmed validity [38] [39] [40] . Secondary outcomes included changes in cardio-pulmonary function, blood pressure, heart rate, mood and mindfulness, self-esteem, quality of life, and quality of sleep at 13 weeks (first week after completion of the 12-week intervention period) and at 25 weeks (first week after completion of the 12-week follow-up period). Cardio-pulmonary function, consisting of cardiopulmonary fitness and vital capacity, was evaluated using an electronic step test instrument (stairs with step height of 30 centimeters for males and step height of 25 centimeters for females) (Machine type: Beijing ZhongTi Tongfang Co., Ltd., model CSTF-TZ-5000) and an electronic vital capacity instrument (Machine type: Beijing ZhongTi Tongfang Co., Ltd., model CSTF-FH-5000). Blood pressure and resting heart rate were measured by electric sphygmomanometers produced by the Omron Corporation, China (product type: HEM-746C). Self-esteem, mood and mindfulness, quality of life, and quality of sleep were assessed using corresponding self-reported questionnaires [41] [42] . Quality of life was tested with the WHOQOL-BREF scale [43] . The Chinese versions of these scales have been reported to have acceptable internal consistency, test-retest reliability, construct validity, and criterion-related validity. Details about the outcome assessments were described in the published protocol [32] .
Safety Evaluation
Any adverse event was recorded on a case report form (CRF) during the intervention period.
Statistical Analysis
The primary and secondary outcomes were analyzed with an intention-to-treat (ITT) basis. The missing data were imputed by using Fully Conditional Specification (FCS) algorithm of multiple imputations which is an iterative Markov Chain Monte Carlo (MCMC) method. Most of primary or secondary variables (i.e. open eyes perimeter, open eyes ellipse area, close eyes perimeter, close eyes ellipse area, right lower limb ATE, left lower limb ATE, self-efficacy, psychological symptom, stress, attention, self-esteem, quality of life, quality of sleep, SBP, DBP, rest heart rate, vital capacity, and flexibility) measured at baseline, end of 12 week intervention, or end of 12 week follow-up period were included in the imputation model. Five complete datasets were created, and each dataset was performed the ITT analysis and then the results were summarized by using Rubin's rules [44] . The continuous variables were expressed as means with standard deviations for normal distributions and medians with inter-quartile ranges for non-normal distributions. Categorical variables were expressed as proportions with standard errors. Comparison of baseline characteristics between groups was conducted using a t-test or non-parametric test for continuous variables and the Pearson chi-squared or Fisher exact test for categorical variables. Comparison of primary and secondary outcomes between groups from baseline measurements was performed using a general linear model with adjustment for possible confounders.
All statistical analyses were performed using IBM SPSS 21.0 (version 21.0, IBM Corp., New York, NY, USA) software package. A two-sided p value of less than or equal to 0.05 was considered to be statistically significant.
Sample Size
We estimated a sample size of 103 participants per group (206 in total) was necessary to detect a expected difference of 15% in one of primary outcomes (balance ability, represented by motion of ellipse area which was tested by standing with eyes closed on the flat of Pro-kin system) between the TCC exercise and control group, with assuming a type I error of 5% (α = 0.05), 90% power (β = 0.10) and allowing for 10% dropout rate. The 15% expected difference in means between groups and standard deviations were estimated from our preliminary test data. Details about the sample size estimated were also described in the published protocol [28] .
Results
Baseline Characteristics
Fig 1 illustrates participant flow as recommended by the CONSORT statement. Eight participants in the TCC group dropped out before baseline characteristic measurement and, therefore, were excluded from the ITT analysis. During the entire study period, consisting of the 12-week intervention period and the 12-week follow-up period, only three participants in the TCC group dropped out and no participants dropped out of the control group. Therefore, 92 (96.8%) participants in the TCC group and 103 (100%) participants in the control group completed the entire study. The Fisher's exact test indicated no significant difference in dropout rate between the two groups (P = 0.109).
Of the 198 eligible participants, the average ages were 20.6 years and the majority of them (67.2%) were female. Self-reported average exercise time was approximately 33.78 minutes per day in the previous month. There was no significant difference between groups for baseline demographic characteristics, including sex proportion, average age, self-reported average exercise time, height, and weight (Table 1) . Table 2 shows the comparison of participant daily physical activity and daily sedentary time between groups during the study period. The average durations of high intensity activity, low intensity activity, and sedentary activity were not significantly different between the two groups, both for the 12-week intervention period and for the 12-week follow-up period. The average time performing moderate intensity activity in the TCC exercise group was higher than that for the control group for the 12-week intervention period (P = 0.001), but not for the 12-week follow-up period.
Adherence to the Trial
Of the 95 participants in the TCC exercise group, 92 (96.8%) completed the 12-week TCC training. However, due to conflicts between training time and other commitments, such as class meetings, course examinations, and so on, not all individuals in the TCC group adhered to the complete training plan (that is, one hour per session, five sessions per week for 12 weeks). 19 participants had an attendance rate (actual training days/planned training days) of 75% or less, 42 participants had a 76%-85% attendance rate, and 34 participants attained more than an 85% attendance rate. The Effect of Tai Chi Chuan Exercise on Primary Physical and Psychological Outcomes Table 3 shows the changes in primary outcomes for the two groups from baseline to the end of the 12-week intervention period, and to the end of the 12-week follow-up period. Of the four parameters for balance ability, the open eyes perimeter and the closed eyes perimeter showed significant improvement after the 12-week exercise program for participants in the TCC exercise group. For the TCC group, the open eyes perimeter and closed eyes perimeter decreased a median of 21 and 33, respectively, and the control group had a median decline of 7 and 16, respectively, representing a significant difference after adjustment for baseline using a general linear model (P = 0.0414, P = 0.008, respectively). Furthermore, the significant difference between the comparison groups for the closed eyes perimeter was still present at end of the 12-week follow-up period, with a median decrease of 58 in the TCC exercise group compared with a median decrease of 33 in the control group (P = 0.003). Although the changes in the other two parameters for balance ability, open eyes ellipse area and closed eyes ellipse area, had a greater decrease in the TCC exercise group than in the control group both at 12 weeks postintervention and at the end of the 12-week follow-up period, a significant difference was not observed. Participant flexibility showed a clear improvement after the 12-week intervention for the TCC group. The length of flexibility increased a mean of 1.4-centimeters in the TCC group compared with only a mean of 0.7-centimeters in the control group, which was a significant difference after adjustment for its baseline (P = 0.039). For two parameters of lower limb proprioception function (right lower limb ATE and left lower limb ATE), no significant changes were observed between the TCC exercise group and the control group post-intervention or at the end of follow-up. Similarly, the primary psychological outcomes of well-being, including self-efficacy, self-reported psychological symptoms, stress and attention, were not significantly different between the TCC group and the control group post-intervention or at the end of the follow-up period.
The Effect of Tai Chi Chuan Exercise on Secondary Physical and Psychological Outcomes
Compared with controls, no significant effect of TCC exercise on cardio-pulmonary function, blood pressure, resting heart rate, self-esteem, mood and mindfulness, quality of life, or quality of sleep could be demonstrated post-intervention or at the end of the follow-up period, even after adjusting for baseline. Table 4 lists the analysis results for secondary outcomes between the two groups (Table 4) .
Safety
No adverse events (AEs) related to the TTC exercise occurred during this trial.
Discussion
In this randomized controlled trial comparing TCC exercise with usual exercise controls on the physical and mental health of college students, we found significant improvements with regular TCC exercise for two parameters of balance ability (open eyes perimeter and closed eyes perimeter) and for flexibility over a 12-week intervention period. Furthermore, a significant benefit for closed eyes perimeter was observed over the additional 12-week follow-up period, indicating a possible long-term benefit to practicing TCC exercise. No adverse events related to TCC exercise were reported during the intervention period, suggesting that TCC exercise is safe. TCC is a traditional Chinese mind-body exercise. Its unique characteristics include mind concentration with breathing control, whole-body exercise in a semi-squat posture, and continuous, curved, and spiral body movement. When TCC is being practiced, deep diaphragmatic breathing with mind concentration is integrated into body motions to achieve a harmonious balance between body and mind. Therefore, TCC is beneficial to the physical, emotional, and social function of the practitioner [23] . Previous studies have demonstrated that regular TCC exercise has significant benefits on health promotion and that TCC may promote aerobic capacity, muscular strength, and balance capability [22] [23] [24] . The effectiveness of TCC on improving psychological symptoms, such as anxiety, depression, and stress, has also been reported [29] [30] [45] [46] . However, most of these studies focused mainly on the health effect of TCC for patients with various chronic diseases or for an older aged population. Several studies have investigated the association between TCC and the physical or mental health of college students or young adults [47] [48] [49] . A study conducted with a before and after design reported that Tai Chi exercise of one hour sessions, twice per week for three months improved the physical function, general health, and mental health, including social function, emotional function and vitality, of college students [47] . Another quasi-experimental study with repeated measures using TCC training of 50 minute sessions, 2 times per week for 15 weeks also suggested that TCC was beneficial for sleep quality, mood, and perceived stress of college students aged 18-48 years [48] . However, the conclusions could not be confirmed due to design limitations in these studies. In the present study, we scrupulously designed a randomized, parallel controlled, assessor-and statistician-blinded trial to evaluate the effectiveness and safety of TCC for college students. Our results indicated that regular TCC exercise could significantly improve flexibility and balance ability in college students compared with usual exercise. However, no significant improvement in lower limb proprioceptive function, cardio-pulmonary function, or psychological outcomes, including self-reported psychological symptoms, stress, self-esteem, mood and mindfulness, and quality of life and sleep, was found for TCC exercise. One possible explanation for this result is that all participants enrolled in this trial were young (aged 18-23 years old) and apparently healthy college students, in contrast to those with sedentary habits or psychological troubles. Second, although those with long-term regular exercise were excluded, including members of the Wushu association, Taekwondo association, and Dance association, the duration and type of usual exercise of the control group was not limited. Therefore, subjects in both groups may have been involved in some regular sporting exercise, such as jogging, football, basketball, badminton and ping-pong, that could potentially affect the difference between the comparison groups. Third, it is possible that the 12-week intervention period for TCC exercise is not sufficient to identify significant differences for the young and apparently healthy college student population. In addition, the study sample size of 206 participants may not provide adequate power to identify the effect of TCC exercise on the physical and psychological outcomes in the college student population.
We recognize several inherent limitations in our study. First, ideally everyone involved in a RCT should be blinded as an important safeguard against bias, particularly when assessing subjective outcomes, but blinding of participants and healthcare is often difficult, if not impossible, in non-pharmacological trials [50] . In our trial, it was impossible to blind the TCC instructors and college students. Nevertheless, we kept the randomized allocation sequence and the blind codes of allocation with an independent project manager who did not take part in any part of the research. The blind codes were not disclosed until the data analysis was completed. All physical outcomes such as balance ability and lower limb proprioception were measured by blinded operators from the Evaluation Department of Rehabilitation Hospital (Affiliated to FJTCM) or from the faculties at the Physical Exercise Department of FJTCM. Second, the fact that all eligible participants came from the same university may potentially limit the generalizability of the results. Third, individual adherence to the TCC exercise regimen was not complete because training time conflicted with other commitments, thus potentially underestimating the effect of the TCC intervention. Nonetheless, excellent protocol adherence, strict performance supervision, and no significant loss to follow-up or withdrawal were helpful in strengthening the findings. In conclusion, this study demonstrates that regular TCC exercise can promote improvement in flexibility and balance capability to an extent in a college student population. Further studies with larger sample sizes and longer intervention periods are necessary to confirm these conclusions. 
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